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(54) LENS EDGING SYSTEM 

(57)Abstract: 

PURPOSE: To quickly manufacture uniform lenses of high 
quality by providing a programmable microprocesser means 
capable of adjusting a series of lens rotating angle and a series 
of lens radius corresponding to the data representing the lens 
edging trajectory stored in a memory. 

CONSTITUTION: A lens servo-controller 54 varies the length of 
a center of a lens blank 16 from a shaft of an abrasive wheel 10 
in accordance with the rotation of the lens blank 16 about a 
shaft of the spindles 44, 46 to achieve the desired lens edge 
outline, that is, shape. The lens servo-controller 54 executes 
the same under the control of a microprocesser 34 
corresponding to the lens trajectory stored in a lens shape 
trajectory memory. This lens trajectory table defines a length 
between the center of lens blank and the abrasive wheel 10 to a 
position of each incremental rotation of the lens blank 16 about 
the shaft of the spindles 44, 46, corresponding to the shape of 
this lens. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] A trimming tool, a maintenance means to hold lens work, and a storage means to store the data 
showing rim grinding TORAJIEKUTORI to the above-mentioned trimming tool, Move the above- 
mentioned maintenance means and this rotates lens work according to a series of surrounding lens angles of 
rotation of the shaft of a maintenance means. A servo means to push the edge of lens work on the direction 
of a trimming tool until it results in a series of lens radii corresponding to a series of above-mentioned 
angles of rotation, It consists of a series of above-mentioned lens angles of rotation corresponding to the 
data showing rim grinding TORAJIEKUTORI which was combined with the above-mentioned storage 
means, controlled the above-mentioned servo means, and was stored in the above-mentioned storage means, 
and a programmable microprocessor means to adjust a series of above-mentioned lens radii. The lens 
trimming system which fabricates the marginal profile of lens work. 

[Claim 2] In the lens trimming system indicated by claim 1 the above-mentioned servo means It has a means 
to make lens work advance side by side to shaft orientations through the front face of a trimming tool for the 
above-mentioned maintenance means. The above-mentioned microprocessor means The lens trimming 
system characterized by making into min the period to which a lens tool is made to advance side by side for 
the above-mentioned maintenance means continuously through the front face of a trimming tool, and a 
trimming tool needs a dressing for it. 

[Claim 3] It has a lens size detection means to measure the radius of lens work further in the lens trimming 
system indicated by claim 1 when carrying out grinding of the edge by the trimming tool. A means to 
calculate an error as compared with the value of a schedule of the actual lens radius as which the above- 
mentioned microprocessor means was detected by the above-mentioned lens size detection means, The lens 
trimming system characterized by having the means which enables wear of a trimming tool, without 
producing the corresponding error in the actual lens radius of a series of lenses which corrected a series of 
above-mentioned lens radii so that this error might be compensated, and were trimmed by the trimming tool 
by this. 

[Claim 4] In the lens trimming system indicated by claim 1 the above-mentioned storage means The table 
which defines the lens radius and lens angle of rotation in N point which meet lens TORAJIEKUTORI is 
included. This table It has lens TORAJIEKUTORI data. The above-mentioned table Furthermore, the 
advancing-side-by-side rate of the lens work to the shaft of (a) trimming tool, (b) lens rotational speed, (c) 
The corresponding value in each of the above-mentioned N point of at least one parameter in four 
parameters of the force of holding lens work to a trimming tool rate and (d) trimming tool is defined. The 
above-mentioned servo means is a lens trimming system characterized by having the decision means which 
is a decision means to decide at least one of the above-mentioned parameters corresponding to the contents 
of the table of the above-mentioned storage means, and is controlled by the above-mentioned 
microprocessor means. 

[Claim 5] In the lens trimming system indicated by claim 4, the value of a series of above-mentioned 
parameters in the above-mentioned storage means is determined by trialanderrormethod. This 
trialanderrormethod The step which changes at least one above-mentioned parameter, and carries out 
grinding of the edge of lens work by the trimming tool, The step which removes the combination of the 
parameter value as which two or more combination of lens work was realized, supervising lens work to 
overheating, and overheating was detected in the above-mentioned monitor process, The lens trimming 
system characterized by consisting of a step which stores in the above-mentioned table the combination 
which has the trimming tool full speed to which overheating does not take place. 

[Claim 6] It is the lens trimming system which sets to the lens trimming system indicated by claim 5, and is 
http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.... 1/27/2006 



JP,07-256547 5 A [CLAIMS] 



Page 2 of 2 



characterized by performing the above-mentioned trialanderrormethod in a series of above-mentioned lens 
radii and each of a lens angle of rotation, and generating 1 set of a series of corresponding entries to the 
above-mentioned table. 

[Claim 7] The unloading circular conveyor means for storing further two or more lens blanks trimmed by 
the trimming tool in the lens trimming system indicated by claim 1 , The loading circular conveyor means for 
storing two or more lenses which trimmed and fabricated the lens blank by the trimming tool, The unloading 
arm servo means for being controlled by the above-mentioned microprocessor means, pulling down one 
piece followed of the above-mentioned lens blanks from a unloading circular conveyor means, and placing 
between maintenance means, The lens trimming system characterized by being controlled by the above- 
mentioned microprocessor means, taking the lens by which grinding was carried out from the lens blank 
from a maintenance means, and having a loading arm servo means. 

[Claim 8] The lens trimming system characterized by having the 1 st input means for receiving a lens design 
data, and a programmable count means for calculating the data showing rim grinding 
TORAJIEKUTORIDETA from a lens design data, and storing this rim grinding TORAJIEKUTORIDETA 
in a storage means further in the lens trimming system indicated by claim 1 . 

[Claim 9] In the lens trimming system indicated by claim 8 the above-mentioned trimming tool The 
programmable count means for consisting of a body and a crowning for beveling the edge of a lens, and 
calculating the above-mentioned lens TORAJIEKUTORI data (a) Lens trimming system characterized by 
including a 2nd input means to receive two criteria of the include angle contained by the crowning of a 
trimming tool, and the radius of the body of (b) trimming tool besides a lens design data. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the lens trimming system for fabricating a lens from a glass 

blank. 

[0002] 

[Description of the Prior Art] The lens edge wiper is well known from the former. One type is explained to 
U.S. Pat. No. 4,870,784 by Ramos etc. Typically, a lens is fabricated from the blank which has the curvature 
corresponding to desired focal power. The curvature of the lens of an eye gives correction focal power. 
Typically, the lens curvature for a dark lens, i.e., sunglasses, does not give correction focal power. "End" 
After forming the lens blank of desired curvature, a lens must be taken out from a blank to the form which 
fits into the frame of glasses. This is attained "a burster trimmer stacker feature, i.e., by carrying out 
grinding of the edge of a lens by trimming tools, such as an emery wheel, until it reaches a desired lens 
configuration,." If a lens is a lens of an eye, a burster- trimmer- stacker- feature process can be performed with 
the lens edge wiper which uses the slot on the emery wheel, in order to bevel in the type indicated by above- 
mentioned Ramos's etc. patent, i.e., the edge of a lens, (bevel). In order to bevel the edge of a lens, the top- 
most vertices of an emery wheel are used for the lens edge wiper of other types used in order to manufacture 
the lens which is not an eye typically. Beveling of the edge of a lens makes it possible to insert a lens in the 
frame of glasses or sunglasses firmly. The lens edge wiper of both types rotates a lens blank to an emery 
wheel. Corresponding to the configuration of the lens formed from a lens blank, the variation rate between 
the core of a lens blank and an emery wheel (distance) is changed into it as a lens blank rotates to 
coincidence. In the lens edge wiper of both above-mentioned types, this variation rate is changed by the cam 
equipped with the lens configuration of the request which rotates with a lens blank to a quiescence front face 
as everyone knows. One problem accompanying this description is having to stop actuation of a machine, 
whenever it manufactures a different lens configuration, and having to exchange a cam. After a lens is 
fabricated from a lens blank, a lens blank is beveled as explained previously. Next, the edge of a lens is 
smoothed, namely, is polished and ends this process. 
[0003] 

[Problem(s) to be Solved by the Invention] The problem of the current approach of a lens burster trimmer 
stacker feature is quality without the coordination which appears clearly as the conditions outside tolerance, 
and non-uniformity between lenses. There are some causes in this. The emery wheel which is the ingredient 
typically like a diamond and other ingredients which were suitable in order to carry out [ 1st ] grinding of 
the lens is continuously worn out, during use, will become small gradually and will enlarge lens size. A cam 
and the front face which a cam must move and must be rubbed are continuously worn out, and the skid and 
vibration which distort the lens configuration determined by movement of a cam become [ 2nd ] large 
gradually. Moreover, the problem of this approach is the high maintenance costs and the non-operating 
hours which are produced according to the fact that an emery wheel is worn out in un-uniform, and must 
carry out a dressing periodically. Moreover, as explained previously, an emery wheel must be periodically 
exchanged, before it becomes small with use, therefore lens size crosses tolerance. Whenever the dressing of 
the emery wheel is carried out or it is exchanged, a lens edge wiper stops operation, and it is unproductive. 
[0004] Even if the same machine is used for the above-mentioned inability of the lens edge wiper that the 
lens of the same size cannot be produced consistently, it happens from the fact that each lens is formed in 
different time amount in the life on an emery wheel, a cam, and the front face of wear of other machines. In 
other words, for this reason, the lenses manufactured by different machine differ in size slightly inevitably 
by the same components of a different edge wiper being in a different wear condition. Such non- 
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coordination produces difficulty, when it is going to insert a lens in a frame. 

[0005] Another problem is must be late enough, in order that the rate to which grinding of the edge of a lens 
is carried out may avoid damage on the lens ingredient of glass. If the rate and/or lens rotational speed of an 
emery wheel are increase to the point that a spark is observe , into a burster trimmer stacker feature grinding 
operation , a glass ingredient will receive damage and it will become impossible to use it for the glasses of 
high quality in the attempt which is going to raise productivity . It may be too coarse for admitting a lens 
front face, as a result of carrying out grinding of the edge too much quickly, even if the spark of a small 
glass particle or combustion was not observed. In order to avoid any danger of damage on a glass lens 
ingredient for these reasons, lens scouring velocity is inevitably slow. I hear that a late production rate raises 
the manufacture cost of a lens, and this fault has it. 

[0006] It is used, in order that a computer may help a lens trimming process as indicated by above- 
mentioned Ramos's etc. patent. Since a different location to the lens fang furrow of especially different size 
is needed, in Ramos's etc. patent, a calculating machine is used and the edge of a lens is located immediately 
on the slot for beveling (bevel processing) on the emery wheel corresponding to lens size. Moreover, in 
Ramos's etc. patent, a computer controls the sequence of an activity. 

[0007] The purpose of this invention is offering the lens trimming system which can produce the lens of the 

same size early. 

[0008] 

[Means for Solving the Problem and its Function] A maintenance means by which the lens trimming system 
concerning this invention holds a trimming tool and lens work, A storage means to store the data showing 
rim grinding TORAJIEKUTORI to the above-mentioned trimming tool, Move the above-mentioned 
maintenance means and this rotates lens work according to a series of surrounding lens angles of rotation of 
the shaft of a maintenance means. A servo means to push the edge of lens work on the direction of a 
trimming tool until it results in a series of lens radii corresponding to a series of above-mentioned angles of 
rotation, It consists of a series of above-mentioned lens angles of rotation corresponding to the data showing 
rim grinding TORAJIEKUTORI which was combined with the above-mentioned storage means, controlled 
the above-mentioned servo means, and was stored in the above-mentioned storage means, and a 
programmable microprocessor means to adjust a series of above-mentioned lens radii. The marginal profile 
of lens work is fabricated. 

[0009] That is, the lens trimming system equipped with the program control of delivery concerning this 
invention and a rate is a beforehand programmable lens trimming system which carries out grinding of the 
edge of a lens and is beveled under control of a microprocessor corresponding to the configuration of the 
edge of the lens programmed in memory. This system holds a lens blank by the robot's arm controlled by the 
microprocessor. Rotation of the lens by the arm determines the configuration and size of a lens with 
movement of the arm to an emery wheel corresponding to the configuration of the edge of the lens 
programmed by memory. The marginal configuration and the size of this lens can be easily changed by 
directing the configuration of the edge of a lens where it differed in memory to a microprocessor, and the 
time amount which was required for changing of a cam can be saved in the conventional lens edge wiper. 
[0010] The lens trimming system concerning this invention is equipped with a lens size detection means to 
measure the radius of lens work further when carrying out grinding of the edge by the trimming tool. A 
means to calculate an error as compared with the value of a schedule of the actual lens radius as which the 
above-mentioned microprocessor means was detected by the above-mentioned lens size detection means, A 
series of above-mentioned lens radii are corrected so that this error may be compensated, and it has the 
means which enables wear of a trimming tool, without producing the corresponding error in the actual lens 
radius of a series of lenses trimmed by the trimming tool by this. 

[001 1] That is, this system is equipped with a lens size sensor into the self-correction feedback loop using 
the microprocessor which compensates contraction by wear of an emery wheel automatically. Without 
receiving a remarkable change of lens size, a machine uses the same emery wheel and this self-correction 
feedback loop makes it possible to wear out to nub (nub) in most of that emery wheel, although it is 
dependent on the period by which lens size is supervised. 

[0012] This invention includes the approach for [ of an emery wheel ] wear almost being distributed over all 
front faces at least again. Thereby, a lens blank moves to shaft orientations through the front face of an 
emery wheel among all rim grinding operations substantially so that wear may be uniformly distributed 
through the front face of an emery wheel. The process of this uniform wear prevents the slot on the emery 
wheel, or generating of a void. (These slots or voids often needed the dressing of an emery wheel by the 
conventional machine.) By the self-correction feedback loop, it is not necessary to exchange until an emery 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/27/2006 



JP,07-256$47 5 A [DJETAILED DESCRIPTION] 



Page 3 of 9 



wheel wears out completely, and thereby in this invention, the required frequent activity interruption can be 
removed by frequent consideration to maintenance of an emery wheel in the conventional lens edge wiper. 
[0013] In the lens trimming system concerning this invention The above-mentioned storage means contains 
the table which defines the lens radius and lens angle of rotation in N point which meet lens 
TORAJIEKUTORI. Furthermore, this table It has lens TORA JI EKUTORI data. The above-mentioned table 
Furthermore, the advancing- side-by-side rate of the lens work to the shaft of (a) trimming tool, (b) lens 
rotational speed, (c) The corresponding value in each of the above-mentioned N point of at least one 
parameter in four parameters of the force of holding lens work to a trimming tool rate and (d) trimming tool 
is defined. The above-mentioned servo means is equipped with the means controlled by the above- 
mentioned microprocessor means for deciding at least one of the above-mentioned parameters 
corresponding to the contents of the table of the above-mentioned storage means. 

[0014] That is, according to one standpoint of this invention, after the configuration of the edge of a lens is 
formed of the grinding in the body of an emery wheel, the edge of a lens is beveled in the crowning of the 
convex of an emery wheel by rotating successively the both sides which the edge of a lens counters to the 
both sides of the top-most vertices of an emery wheel. In this standpoint, rotation of a lens and movement of 
the arm of the robot holding a lens are controlled by the microprocessor corresponding to 
TORAJIEKUTORI which was calculated corresponding to the configuration of a lens, curvature, and the 
configuration of an emery wheel crowning, and was stored in memory. The words "TORAJIEKUTORI" 
point out the path of the coincidence of movement of a lens radial [ perpendicular to rotation of the 
surrounding lens of the fixed-center point of the (a) lens, and rotation of the (b) emery wheel ], and crossing 
movement of a lens parallel to the revolving shaft of the (c) emery wheel so that it may be used in this 
specification. The form of different beveling is programmable in memory to a lens same type, and is 
programmable in memory to the lens with which many differed. [ of the form of the same beveling ] 
[0015] According to this invention, movement of a lens or a lens blank is divided into N point in time 
amount including all the processes of the grinding of the edge of a lens, and beveling. N is the order of 
64,000 here. The rate (lens rotational speed) which a lens rotates to an emery wheel, the rotational speed 
(rate of an emery wheel) of an emery wheel, the rate (shaft-orientations lens speed of supply) with which a 
lens keeps pace to shaft orientations through the front face of an emery wheel, and the force (grinding 
pressure force) in which a lens is held to an emery wheel are defined as memory in each point of N 
individual, respectively. A microprocessor needs the definition of one perfect group stored in memory to the 
lens configuration where ** manufactured differed. 

[0016] In the lens trimming system concerning this invention The value of a series of above-mentioned 
parameters in the above-mentioned storage means is determined by trialanderrormethod. This 
trialanderrormethod The step which changes at least one above-mentioned parameter, and carries out 
grinding of the edge of lens work by the trimming tool, The step which removes the combination of the 
parameter value as which two or more combination of lens work was realized, supervising lens work to 
overheating, and overheating was detected in the above-mentioned monitor process, It consists of a step 
which stores in the above-mentioned table the combination which has the trimming tool full speed to which 
overheating does not take place. 

[0017] That is, from another standpoint of this invention, lens rotational speed, the rate of an emery wheel, a 
shaft-orientations lens speed of supply, and the above-mentioned group of a definition of the grinding 
pressure force are optimized in each of N point so that lens scouring velocity (productivity) may be made 
into max with a lens rotational speed slightly lower than the rate which overheats a glass lens ingredient. 
The optimum value over each parameter (lens rotational speed, the rate of an emery wheel, a shaft- 
orientations lens speed of supply, and grinding pressure force) is determined in each of N point 
corresponding to the trialanderrormethod by this invention. In this trialanderrormethod, various combination 
of all parameters is tried in each of N point, and that result is stored in memory. In one example of this 
approach, a microprocessor changes systematically all parameters (lens rotational speed, the rate of an 
emery wheel, a shaft-orientations lens speed of supply, and grinding pressure force), supervising the spark 
sensor arranged in order to detect overheating of a glass lens ingredient. A microprocessor measures the 
value of all parameters to each of N point in movement of a lens with the full speed as which overheating is 
not detected by the sensor. A microprocessor stores measured value in memory. After this process is 
performed about all the N individuals, this trial-and-error process is ended and memory has 1 set of optimal 
grinding parameters for all the grinding operations of the given lens configuration. Here, 1 set of these 
parameters are stored eternally (to for example, a hard disk or a read only memory), and are repeatedly used 
in manufacture of the lens of the same design. Like this study fault, it is only needing the memory of only 
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sufficient amount. 

[0018] The optimal rate at which glass is removed from a lens is determined at least partially by the capacity 
for the removed glass particle to remove heat from workpiece, i.e., a lens blank. In order to maintain a rate 
with heat removal, it must prevent that a glass removal rate decreases as the size of workpiece (lens blank) 
decreases between grinding operations. In this way, in many cases, the trial-and-error approach of this 
invention can increase an emery wheel rate gradually as the size of a lens blank decreases between grinding 
operations. The group of the optimal grinding parameter generated by the trial-and-error approach of this 
invention is satisfied with this semantics of the principle of common knowledge of the metal engine-lathe 
technique sometimes called "constant surfacing (constant surfacing)." 
[0019] 

[Example] Hereafter, the example by this invention is explained with reference to a drawing. 
(The usual lens burster-trimmer-stacker- feature technique) Drawing 1 shows the fundamental process in the 
conventional lens trimming method. An emery wheel 10 is equipped with a body 12 and the top-most- 
vertices section 14, and Ryobe 12 and 14 has the circular configuration of this alignment, as shown in 
drawing 2 . An emery wheel 1 0 is made from ingredients, such as a diamond. By the body 12 of drawing 1 , 
there is the lens blank 16 shown in Fig. 3 along the edge 18 of a lens blank, and grinding is carried out, and 
it forms the lens 20 of drawing 4 . Next, grinding of the angle 18a "on the left of ! the edge 18 of a lens is 
carried out by "right" side 14a, grinding of the angle 18b "on the right of the edge 18 of a lens is carried out 
by "left" side 14b, and it forms the front faces 22a and 22b of the edge of the beveled lens, respectively. [ of 
the top-most-vertices section 14 ] [ of the top-most- vertices section 14 ] The form of front faces 22a and 22b 
where it beveled is made in agreement with the design of a glasses frame in which the lens is attached. 
[0020] A motion of the lens between grinding operations is governed by the motion of a cam (not shown) 
which rotates to the stationary front face. This cam is equipped with the same configuration as the lens 20 
shown in drawing 4 . the fault of the need of exchanging a cam for every design of a different lens as a 
conventional approach and a conventional machine were explained above — wear of the front face of an 
emery wheel 10, and wear of the front face of a cam - un — 1 - it had many faults of generation of the void 
in the front face of the emery wheel 10 by wear [ like ]. 

[0021] (System of this invention) All these problems are solved in the lens trimming system of this 
invention shown in drawing 5 and drawing 6 . Each lens blank 16 is pulled out from the circular conveyor 
26 which holds many lens blanks by the servo control hand 28 attached in the servo control arm 30 
governed by the arm servo controller 32 controlled by the central microprocessor 34. The location of the 
rotating circular conveyor 26 is controlled by the microprocessor 34 through the circular conveyor rotation 
controller 25 using well-known digital-servo IMPACT. In one activation, since a hand 28 meets and moves 
to shaft orientations at an arm 30, it moves to the direction of the circular conveyor 26 (broken- line 
location), and holds the edge where a lens blank counters between two fingers 34 and 36. The finger 36 is 
movable to the direction of another finger 34, in order to insert a lens 16 firmly. Next, a hand 28 withdraws 
to an arm 30 and rotates an arm 30 to a continuous-line location around the pivot 38. Next, a hand 28 meets 
and moves to shaft orientations at an arm 30, and inserts a lens blank among the driver cups 40 and 42 
( drawing 7 ) which were attached in the rotation spindles 44 and 46 and which counter. Spindles 44 and 46 
are supported by Spa 48 and 50 where the lens servo arm 52 governed by the lens servo controller 54 under 
control of a microprocessor 34 counters. Shortly after the lens blank 16 is located among the driver cups 40 
and 42 of a pair, as shown in drawing 7 , the lens servo controller 54 will turn Spa 48 and 50 which counters 
mutually, and will be moved so that the lens blank 16 may be held between two driver cups 40 and 42. Next, 
the lens servo controller 54 is ordered a microprocessor 34, it moves an arm 52 to the direction of an emery 
wheel 10, holds the edge of the lens blank 16 to an emery wheel 10, and rotates spindles 44 and 46 using the 
spindle motor 58 controlled by the lens servo controller 54. 

[0022] The lens servo controller 54 changes the distance R from the shaft of the emery wheel 10 of the core 
(namely, shaft of spindles 44 and 46) of the lens blank 16 as the lens blank 16 rotates around the shaft of 
spindles 44 and 46, in order to attain, desired rim profile, i.e., configuration. The lens servo controller 54 
performs this to the bottom of control of a microprocessor 34 corresponding to the lens TORAJIEKUTORI 
table stored in lens configuration TORAJIEKUTORIMEMORI 60. This lens TORAJIEKUTORI table 
defines the distance r between the lens blank core over each increment rotation location theta of the 
surrounding lens blank 16 of the shaft of spindles 44 and 46, and an emery wheel 10 corresponding to the 
configuration of the lens which should be formed. A microprocessor 34 calculates a servo control signal 
from the data stored in lens configuration TORAJIEKUTORIMEMORI 60 using the servo controller 
program stored in the lens servo controller program memory 62 using the well-known conventional 
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calculating-machine numeric-value machine control technique. Creation of a servo controller program is 
usual in this technique. A microprocessor 34 transmits the control signal generated at a single string which 
determines the rim grinding operation of one sequence. 

[0023] Termination of a lens trimming process smooths the edge of a lens with the breaking edge emery 

wheel 61 rotated by the lens servo arm 52 holding angle 1 8a of the edge 1 8 of a lens. 

[0024] Lens configuration TORAJIEKUTORIMEMORI 60 can contain the TORAJIEKUTORI table on 

which it differed for manufacturing the lens with which the shape of shapes of grinding wheel face from 

which a large number differed for wide range selection differed. In this way, a lens design can be quickly 

changed by directing a microprocessor 34 on the table on which it differed in memory 60, and this is the big 

advantage. 

[0025] (Self-correction lens size feedback control loop) The emery wheel 10 became small gradually and, 
for this reason, increased the size of a lens by the Prior art as it was worn out. The solution was making the 
increment in lens size in case an emery wheel's 10 is often exchanged and a continuous lens's is trimmed 
into min. In this invention, this problem is solved by using the size probe 64 connected to a microprocessor 
34 through the probe output circuit 66. This probe 64 is a type manufactured by Reni Shaw METOROROJI 
(Renishaw Metrology Ltd.) of for example, British grotesque UCHIESUTA (Gloucester). After a lens 20 is 
formed by the system of drawing 5 and drawing 6 , the lens servo arm 52 rotates a lens 20 to the rotation 
location theta determined beforehand, next meets and moves a lens 20 to the direction of a probe 64 on the 
edge. A microprocessor 34 detects the location of the lens servo arm 52, when a probe 64 contacts the edge 
of a lens first. This location shows the radius r of the lens 20 in the rotation location theta. A right location 
can be immediately determined from a desired rim profile. A microprocessor 34 compares an actual location 
with a right location, and calculates an error. A microprocessor 34 compensates this error by adjusting 
distance of the lens trimmed next and the shaft of an emery wheel 10 (reduction). TORAJIEKUTORI of the 
lens in an entire fringe picking process is adjusted, and, as for a microprocessor 34, only an amount equal to 
the calculated position error essentially brings a lens close to the revolving shaft of an emery wheel 10. This 
description is explained below. In this way, if the lens radius is sufficiently often supervised, it will become 
possible to almost wear out even on the shaft between burster trimmer stacker features of a continuous lens, 
without an emery wheel 10 generating the error of lens size. 

[0026] (Uniform distribution of emery wheel wear) many lens burster trimmer stacker features take place by 
the body 12 of an emery wheel 10, and, as for one problem that I accept it conventionally, generate a void or 
the slot which is not desirable in an emery wheel 10 — un — 1 ~ it was producing wear [ like ]. For this 
reason, the emery wheel 10 often had to carry out the dressing, the approach of this invention which solves 
this problem — while it passes along the lens blank 16 among all lens trimming processes on the lens servo 
arm 52, it passes along the front face of an emery wheel 10 in shaft orientations and a microprocessor 34 is 
made to advance side by side continuously, it controls the shaft-orientations speed of supply of a lens from 
the end of an emery wheel 10 to the other end, and is uniformly distributed in wear over all the front faces of 
an emery wheel 10. This axial movement continues between beveling actuation, when a lens contacts the 
crowning 14 of an emery wheel 10. 

[0027] In the approach of distribution uniform wear of this invention, the lens servo arm 52 must rotate the 
lens blank 16, changing the variation rate from an emery wheel 10 corresponding to a desired lens 
configuration, and must perform complicated work by passing along a lens in coincidence, passing along the 
front face of an emery wheel 1 0 in shaft orientations, and advancing side by side by continuous motion. 
Since a lens 20 is beveled in the crowning 14 of an emery wheel 10 so that it may explain below, this work 
becomes still more complicated. 

[0028] (Carrying out under 2 lens 2 loading / load the magazine method) With reference to drawing 8 R> 8 
and drawing 9 , the desirable approach of this invention needs for the same microprocessor 34 to control the 
grinding of the coincidence of one pair of lenses by one pair of emery wheels 10 and 1 1 using one pair of 
lens servo motors 52 and 53. There are the unloading (as [ set / it / to drawing 5 ]) arm 30, the loading arm 
31, and the unloading (as [ set / it / to drawing 5 ]) circular conveyor (magazine) 26 and the loading circular 
conveyor (magazine) 27 to each of two emery wheels 10 and 1 1 . The unloading arm 30 gives the lens blank 
16 to the lens servo arm 52 from the unloading circular conveyor 26 about one lens servo arm 52 for a grip 
and a burster trimmer stacker feature. At the last of a burster-trimmer-stacker- feature process, the loading 
arm 31 takes the lens from the lens servo arm 52, and puts it on the loading circular conveyor 27. Each 
circular conveyors 26 and 27 rotate in the location which shows the next slot of a circular conveyor to the 
corresponding loading arm 31 or the corresponding unloading arm 30 for the following cycle. Preferably, a 
microprocessor 34 is programmed to operate both the circular conveyors 26 and 27 and both the arms 30 
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and 31 so that the following lens blank 16 may be taken out from the loading circular conveyor 27, when 
one completed lens 20 is put on the unloading circular conveyor 26. For this reason, there is no useless 
motion. The one advantage is that the cycle same since the probability for the lens of each set to suit well is 
increased can use it in order to produce to coincidence one pair of lens blanks inserted in the same glasses 
frame. 

[0029] (Programmable method of lens trimming / beveling) Drawing 10 shows the configuration of the edge 
of a typical lens by the polar coordinate. The radius r of drawing 10 corresponds to the distance r of drawing 
7 of the core (shaft of spindles 44 and 46) of a lens 20, and the front face of an emery wheel 10. The point 
that a lens 20 rotates the core of a lens around it in a burster-trimmer-stacker-feature process is said so that it 
may define here. The distance R of drawing 7 is the core of a lens 20, and a variation rate between emery 
wheels 10. The difference of r and R is the radius of an emery wheel 10. The curve of the continuous line of 
drawing 1 1 is the graph of R as a function of the lens angle of rotation theta corresponding to the polar- 
coordinate Fig. of drawing 1 0 . the curve of this continuous line is TORAJIEKUTORI defined in the data 
stored in lens configuration TORAJIEKUTORIMEMORI 60 which governs a motion of the lens blank 16 
on the body 14 (only) of an emery wheel 10. 

[0030] (Distribution of the uniform wear between lens beveling) TORAJIEKUTORI of the lens 20 during 
beveling is still more complicated, and dependent on the inclination of the crowning 14 of an emery wheel 
10 with the curvature of lens 20 itself. If it assumes that the lens configuration drawn on the music 
coordinate Fig. of drawing 10 does not have curvature (that is, it is completely even), lens 
TORAJIEKUTORI in beveling can be obtained by superimposing the line by which the broken line of 
drawing 1 1 inclined on the above-mentioned continuous-line curve, and adding both. Complicated lens 
TORAJIEKUTORI (dotted line) produced as a result expresses lens TORAJIEKUTORI relative to the 
emery wheel 10 in beveling, when a lens crosses the front face of a crowning 14 to shaft orientations and 
advances side by side with constant speed to them by the approach of this invention that wear is uniformly 
distributed over all the front faces of an emery wheel 10. In a part of TORAJIEKUTORI which the curve of 
this dotted line expresses, a lens reaches 1 side of a crowning 14 and then gets down to another side so that 
wear may be uniformly distributed over the front face of a crowning 14. In this way, the dotted-line curve of 
drawing 1 1 corresponds to the data stored in memory for the beveling part of a lens burster-trimmer-stacker- 
feature process. 

[0031] However, since a lens has spherical-surface curvature typically (it is drawn on the side elevation of 
the lens 20 of drawing 1 like), in many cases, lens TORAJIEKUTORI is still more complicated in a 
beveling process. This complicated lens TORAJIEKUTORI can be obtained in the graph of drawing 12 by 
the sum of the continuous-line curve which defines the configuration of the edge of a lens, and the curved 
broken-line curve. The configuration of this nonlinear broken-line curve of drawing 12 is directed according 
to the tool angle alpha of the curvature of a lens, and the crowning 14 of an emery wheel 10. Unlike drawin g 
11 , lens TORAJIEKUTORI between beveling is not illustrated to the case of drawing 12 of being still more 
complicated, but theoretically, it is obtained by addition of two curves of drawing 1 2 R> 2. By changing the 
distance R between a lens 20 and the core of a crowning 14, the depth by which the edge of a lens is beveled 
is changeable according to hope. 

[0032] The more practical approach for obtaining lens TORAJIEKUTORI between beveling is calculating 
by the well-known principle using spherical trigonometry. The computer program for performing this was 
attached to this application as an exhibit. Such a computer program can be performed by the microprocessor 
34, and can be stored in the lens movement program memory 66. It is only required for a user that such a 
program should input the tool angle alpha of lens design data including a lens configuration (the music 
coordinate of drawing 10 can express), lens curvature (for example, it can see in the side elevation of the 
lens of drawing 1 ), and the crowning 14 of an emery wheel 10. Such input data can be stored or inputted 
with the peripheral device 68 illustrated by drawing 6 . Peripheral devices 68 are communication link 
devices, such as memory or a modem. In this way, a new lens design can be inputted from the location 
which the long distance left through the modem 68, and a motion of the whole lens is calculated quickly and 
automatically by the microprocessor 34 using the lens exercise program in the lens movement program 
memory 66. The obtained lens TORAJIEKUTORI table is stored by the microprocessor 34 in lens 
configuration TORAJIEKUTORIMEMORI 60 with the table on which it corresponds for other lens designs. 
The process of the whole which changes or updates a lens design does not need a help substantially in the 
system shown in drawing 5 and drawing 6 , but this is the big advantage. 

[0033] (Self-correction feedback loop which changes lens TORAJIEKUTORI as an emery wheel is worn 
out) The difference of R and r is the radius of an emery wheel 10, and this radius decreases as an emery 
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wheel 10 is worn out. As explained above, the self-correction feeding-back method performed by the 
microprocessor 34 compares the ideal lens radius in the lens angle of rotation theta determined beforehand 
with the right radius in the include angle determined from the graph of drawing 10 . A difference shows the 
amount in which the emery wheel 10 was worn out by wear. A microprocessor 34 changes lens 
TORAJIEKUTORI simply by subtracting the detected difference of the actual include angle in an include 
angle theta and the include angle of an ideal which were determined beforehand from the value of all R in 
the graph of drawing 1 1 . 

[0034] The result is shown by the alternate long and short dash line of drawing 1 1 . The displacement E with 
the continuous line and alternate long and short dash line in drawing 1 1 is an error, i.e., the difference of the 
ideal lens radius detected by the microprocessor 34 and an actual lens radius. In this way, a microprocessor 
34 maintains the lens radius r as a function of the lens angle of rotation theta to a right value by decreasing R 
as required as the radius of an emery wheel 10 decreases. 

[0035] (Property of lens configuration TORAJIEKUTORIMEMORI 60) All the parameters that govern a 
lens burster-trimmer-stacker-feature process are defined in the table stored in lens configuration 
TORAJIEKUTORIMEMORI 60. As already explained, there are lens shaping parameters r and theta in lens 
configuration TORAJIEKUTORIMEMORI 60 with the continuous shaft-orientations speed of supply 
demanded by the approach that wear is distributed uniformly [ this invention ]. There are lens rotational 
speed (d theta/dt), an emery wheel rate, and force in which the edge of a lens is pushed to an emery wheel 
1 0 in other parameters. 

[0036] In order to perform discrete control by the microprocessor 34, lens movement defined by the vector 
(r, theta) is divided into the separate partition of N individual. In the following examples, although it is N= 
64,000, a skillful operator can choose the suitable value of the arbitration of N. These partitions are 
considered as an N point in the time amount tO, tl, t2, — , tN over between the whole term of a burster- 
trimmer-stacker-feature process. The displacement Y from the shaft of the emery wheel 10 of the core of a 
lens is illustrated by drawing 1313 bottom as a function of time amount. The wen of the trigonum of this 
drawing corresponds to the beveling part of a process. The graph of the middle of drawing 13 is a graph of a 
top and coincidence, and shows the location X of the core of the lens which meets the shaft of an emery 
wheel 10 as a function of time amount. In the educational example of the graph of this middle, the speed of 
supply (dX/dt) of a lens becomes small in the beveling part of a process. This is illustrated by the graph of 
the drawing 13 bottom. However, the sequence of the arbitration of a speed of supply or change is possible. 
[0037] Three graphs of drawing 1 3 correspond to lens TORAJIEKUTORI shown in drawing 7 R> 7 with 
which lens TORAJIEKUTORI crosses an emery wheel 10, and always keeps pace to shaft orientations. All 
the parameters described above are illustratable similarly. Such drawing is digitized so that the data [ as / in 
drawing 13 ] which were divided into N point and stored in lens configuration TORAJIEKUTORIMEMORI 
60 may be expressed. 
[0038] 
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Table 1 shows a format of the data in the table stored in lens configuration TORAJIEKUTORIMEMORI 60 
In each point (ti) of 64,000 points (named tO, tl, and t2 grade) which divided the process, the table of Table 
1 defines a lens shaft-orientations speed of supply (FVi), an emery wheel rate (WSi), lens rotational speed 
(FRi), the grinding force (Pi), a variation rate (ri), and lens angle of rotation (thetai). (i= 1, 2, --, N) In each 
point ti of a process, from Table 1 stored in lens configuration TORAJIEKUTORIMEMORI 60, a 
microprocessor 34 takes out each corresponding value of an above-mentioned parameter, and opts for 
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change of the servo control signal sent to the lens servo controller 54, the emery wheel motor 70, and the 
lens rotation motor 58 from the value. The lens servo controller 54 controls the distance r from the front face 
of the emery wheel 10 of rotation of the shaft-orientations advancing- side-by-side rate of the lens which 
meets the shaft of an emery wheel 1 0, and a lens, and the core of a lens by controlling movement of the lens 
servo arm 52. 

[0039] A skillful operator can devise various practical examples of Table 1, and as stated above, some of the 
above-mentioned parameters may be removed as redundancy or needlessness. For example, doing in time 
and specifying the lens angle of rotation theta in each of N point, removes the need of specifying lens 
rotational-speed d theta/dt in each of N point. 

[0040] (Programmed trial-and-error approach) There is no well-known approach of calculating the optimum 
value of all the parameters of Table 1 in N= 64,000 each point which divided the lens burster-trimmer- 
stacker-feature process. According to this invention, the group with the "optimal" value to all the parameters 
in each of N point is defined as a group which produces the maximum productivity, without doing damage 
to a glass lens ingredient. Such damage serves as proof by the spark (combustion of a glass particle) which 
is visible to the eye in a burster trimmer stacker feature on the edge of the lens following a burster-trimmer- 
stacker-feature process, i.e., poor surface finish. 

[0041] Programming lens configuration TORAJIEKUTORIMEMORI 60 using the optimum value of the 
parameter of the table of Table 1, the approach of this invention of operating the system of drawing 5 and 
drawing 6 starts at the preliminary study step illustrated by the flow chart of drawing 14 and drawing 1 5 . In 
the table of Table 1, all the parameters above-mentioned in each of N point that this process was divided 
essentially change, and the combination of the parameter value which has the highest glass lens ingredient 
removal rate by the emery wheel without the proof of the damage to a glass lens ingredient is chosen as 
optimal group in the point of this process. In order to find a group with the optimal parameter value in each 
of N point, N time activation of this task is carried out. 

[0042] In the example of drawing 14 and drawing 1 5 , the spark sensors 72 ( drawing 5 ), such as an infrared 
sensor arranged so that the spark of the glass particle removed from the lens blank 16 by the emery wheel 10 
may be detected, are used for this approach. A microprocessor 34 makes this system carried forward 
automatically and systematically through all the possible combination of all the parameters of the table of 
Table 1 in each of N point in a lens burster-trimmer- stacker- feature process (from step 80 to step 108 of 
drawing 14 and drawing 15 ). To each combination of parameter value, a microprocessor 34 investigates the 
spark sensor 72 and determines whether the combination is allowed. Finally, the data is stored, a 
microprocessor 34 finds the highest emery wheel rate allowed, and the value is stored in Table 1 in lens 
configuration TORAJIEKUTORIMEMORI 60 with other parameters by which current storing is carried out 
(step 110). In this way, a microprocessor 34 fills all the entries of the table of Table 1 by performing the 
above-mentioned task in each of N point which divided the lens burster trimmer stacker feature and the 
beveling process. 

[0043] In the example by which drawing 14 and drawing 1 5 were simplified, it is assumed that the linear 
speed of supply with which the lens blank 16 crosses the front face of an emery wheel 10 to shaft 
orientations, and keeps pace to them for educational plainness is fixed in an entire fringe picking process, 
and it decreases at another smaller fixed rate in a beveling process. However, this simplification is not 
required and, in many cases, is not used in implementation of invention. By this simplification, each point in 
time amount ti relates to Xi of the lens blank 16, and Yi location easily corresponding to the drawing 13 top 
and the graph of middle. The realistic range of each parameters (emery wheel rate etc.) of the table of Table 
1 is chosen. 

[0044] This approach sets each of a parameter as the initial value of the range, and starts by initializing 
Argument i to 0 ( drawing 14 step 80). Next, Xi of the lens blank 16 and Yi location are increased to the 
location of eye watch (i+1) of a degree, a microprocessor 34 investigates the spark sensor 72, and supposing 
detect overheating of a glass lens ingredient and there is no spark sensor 72, the current value of all the 
parameters of the table of Table 1 is stored (step 82). Next, an emery wheel rate is increased and a 
microprocessor 34 repeats the same observation / storing task like [ front ] (step 84). Next, lens rotational 
speed is increased and a microprocessor 34 repeats the same observation / storing task like [ front ] (step 
86). Next, the grinding force is increased and a microprocessor 34 repeats the same observation / storing 
task like [ front ] (step 90). 

[0045] Step 90 is serially repeated by the target by the inner loop, and is reset at the last of the range at the 
beginning of the range until the grinding force arrives at the last of the range (step 92) (step 94). Next, step 
86 is serially repeated by the target by the outer loop, and such each repeat is reset at the last of the range at 
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the beginning of the range including perfect circulation of an inner loop until lens rotational speed arrives at 
the last of the range (step 100) (step 102). Next, step 84 is serially repeated by the target by the outer loop, 
and such each repeat is reset at the last of the range at the beginning of the range including perfect 
circulation of an inner loop which was explained above, and an outer loop until an emery wheel rate arrives 
at the last of the range (step 104) (step 106). 

[0046] Supposing the lens blank has not reached the end of that advance (step 108), this flow will repeat 
return and a flow to step 82. Otherwise, (YES branching of step 108) a microprocessor 34 starts the analysis 
of the data stored at the front step (step 110). At step 1 10, a microprocessor 34 investigates a total 
combination of the parameter recorded in each locations Xi and Yi of N individual in TORAJIEKUTORI of 
the lens blank 16. It determines the emery wheel rate of the highest [ microprocessor / 34 / combination / 
which ] it has in each location, and the combination (accepting it) is recorded with corresponding ti value in 
the table of Table 1. 

[0047] The flow chart of drawing 14 and drawing 1 5 illustrates one of the possible trial-and-error 
approaches of a large number performed by this invention. By the approach of drawing 14 and drawing 1 5 , 
the combination with the optimal parameter value is simply defined by the maximum emery wheel rate, and 
a spark sensor is used. In addition, other definitions of the optimal combination of a parameter can be used. 
By the approach of further others, it can be used instead of measurement of surface finish being the spark 
sensor 72. Of course, except for the above-mentioned parameter, other parameters may be used instead. 
[0048] Since the increment in the rate at which an emery wheel 10 removes an ingredient from the glass lens 
blank 16 increases the rate at which heat is removed from the lens blank 16, one advantage of an approach 
in which drawing 14 and drawing 15 were programmed is that the optimal upper limit of scouring velocity 
may be much higher than expectation. However, the result in which the permission characterized with the 
root mean square surface finish of the edge of the lens between 32 and 250 is generally possible is attained 
by the emery wheel rate near 2,500RPM, the lens rotational speed of 20RPM, and the shaft-orientations lens 
speed of supply for 30 inches/. Preferably, the tool angle alpha of the crowning 14 of an emery wheel 10 is 
113 degrees. 

[0049] Preferably, microprocessors 34 are some AT computer systems of a well-known class, and a 
microprocessor 34 controls 20 megabytes of hard disk memory 80 here through the disk drive controller 82, 
and they control a monitor 84 by it through a video controller 86. A command is ready-for-sending ability 
through 1/090 at a microprocessor 34 by the AT keyboard terminal 88. Memory 60, 62, and 66 is each 
memory location in the hard disk memory 80 altogether. An operator uses the keyboard terminal 88 and 
displays the information about the lens burster-trimmer-stacker- feature process performed by the system of 
drawing 5 and drawing 6 on a monitor 84 by the microprocessor 34. Moreover, an operator uses the 
keyboard terminal 88 and makes a process start, interrupt and change. For example, it makes it possible to 
receive through a modem 68 and to store new lens design data in memory 80. An operator uses the keyboard 
terminal 88 and can also order a microprocessor initiation of the programmed approach which was stored in 
drawing 14 and drawing 1 5 . Preferably, the approach of drawing 14 and drawing 1 5 is performed in the 
software program stored in memory 80. 

[0050] Although this invention was explained to the detail especially with reference to the desirable 
example, it is possible for the idea of this invention, the deformation which does not deviate from the range, 
and correction. 
[0051] 

[Effect of the Invention] According to this invention, in the lens burster- trimmer-stacker- feature system 
equipped with the program control of delivery and a rate, the lens of uniform quality can be manufactured 
by quick lens scouring velocity. Moreover, an emery wheel can be used until it wears out to the heart, time 
amount required for cam changing can be shortened, and productivity improves. 

[0052] Moreover, the group of the optimal parameter which can manufacture the lens of high quality at high 
speed can be automatically determined with trialanderrormethod. Manufacture becomes possible by the 
optimal (maximum high speed) lens scouring velocity by this, and productivity improves. 
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(c) ^xjyga, (d) 

±e<75*— 7K#ati s ±iscofsti#a^y L -^cort^ 
ftSfatfcoT, ±E^-f ^ci^D-fey^a^j: 50 



IB** 5] W*^4JcE«S*bfci^>'Xjft5t^7 L A 
±EOEtft^a^*5*tS±E^— ^toffl 

Xt, i/>Xi«SrM:#LtKlooi/yXi 
«^r^Xt, ifljft^jgr 6>3fc^*ax**«3a«S: 

[»*3g6] w^s^Ett^ttfcu^xifca^^A 

±Ea>»«?«W*ffiW\ ±E<o— it^^^X^at u-vX 
[hIIs^o^* t?SltTc5iX, ±12^^— 7)\"^<D l&<D%t 

X»V7rA B 

[»**7l W^qCi^EiKSixfc^^X*©^^^ 

7 SrtMfit 5fc»^T% LH«3 >"<r ¥S i , 
tot D UT^BLfc 

at, 

fca&coffiT^ L7- 2»+— sR^a t > 
iE^W^o^n-fey^^a^ioTIBiJUlSn, 
X^^^^A^bWBiJSttfcu^XSriftWp^a^&Bto 
T\ a«T-A^--7j?^aS:ffllx.ar:i:S:*»i:-r5^ 

[11*518] B*«ll:SE«§jifcU'>'X8fi^7 1 ^ 

at, 

[IS*3g9] m*3S8tc:E«$ixfcuvX»St^-r^ 
±E*>HfflfcX*M:, n«»i, u>X<0«BSrBtt(9i-5 

±EcouvX h^v^^ h y t 5 — ^ ^rft»^^>7^a6co^ p 
d^9AnT«tetHlE*att, (a) *»I*©JWtJ; 



(3) 
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3 

^X^lktiZftJgk. (b) *ftXA0>R«tt*>¥«i 
020(D1?^, U > Xl£f+^- * Offil K 5 g£ 2 

[0 0 0 1 ] 

[0 0 0 2] 

u->X»ft«tt, tt**»bJ:<fti6*L-C 

8 7 0, 7 8 4^aftK$tLr^So ASWtCJi, 

X«, Bfao«jR^!7-K:#rt?Lfcft*f:#-r6^ r 9>' 
^Xft*tt, MWWi, «fcE*j&^!7 — t^fcfcl*. 

ai**Lia«rftfeftv\ rtitt, risBi^j mot, -f 

X JUc J;oT l^XofcfcWfiiJ-f 5:^aotMJ 
fr*>, UVXcojRSrffiffi?) (bevel) £r-T5fc£>tC 
*t5&o^>f ^ou^X|»8ifl|tt. i^>-X(7)^Srffi^i9 

^xy^^^^ipi^^^^tcott, i/yxy7^^?? 
fokm£BMk<Dm<o&tiL (BEAK) ^fx.^ 0 X^cDPi* 

V^tTfeS, U^X^uvXy^V^^ib^Sttfc 
[0 0 0 3] 

^ftomiBtt, W*«H^o*fl=43J:t^U'^X|B<o*- 
fcifi, ^<o^01SH3& s fe5 0 SIC, U'VXSrWB'Ji" 

t-'hS<fctK i/yXf^X^§<LTl*5o S£2 



XJBtt*S»S"r'<<9 i«ttidSL«v^*:# < 45. 

9, Ufcj&SoT* u>X^XdSfff*ttfflSrj8x.5W 
[0 0 0 4] IflH^-th^XOU^XSr— JtLT^K"X?S>fc 

[0 0 0 5] BijoBBJHtt, u-^Xo*}6SBFBUSlx5a* 

tittf7*<n\sis x*m <d mm &m » 5 it #> k < & 

SK*lc*3V^-C, 5S^5'*coigS*5J:O c /*^:(lU'VX[H3 
te3**ds|fc«t 9 WB'JX*!* fcjktetffclfc £ tt£ j£* xm 

temmf>mm£tit£<xh, mzh-z v ^h&m^wm 

[0 0 0 6] ±ia^^^^^60WWC^^^tLT^5 J: 
fh*«d«^^X»Bixa«:«iJt-Bfc**c«fflSix 
TV^ G 14 o tt^f X<7) 1/ y X^»ic» LTS 

It^Sr^fflLT, uvX*>f X*c*tJSL-Clfi^* 
60®Si9 (-<-</wApx) fflj||(7)-rc±{c:u^Xcoj^^{i 

[0007] *^p^oo g Wfi. IrI iSi^W XouyXtf 
<4IliS*5 i/yXSa^rAS:tlttt5-i:T*fc 

[0 0 0 8] 

U'^X^IS^^Afi, gill^ uyXltt^ft 
»t*ft»¥9i, iEtOlftaxACWi-SUV'XftW 



(4) 
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ir, ±IEOtl«#ikKlj|****b, ±EW0— ##«*:»] 
^ h y SrSi-f*— ^*c#jSi-a±Eo— 5i(OU'>'X|lI 

[0009] **M^«5aso'4:iaao^D 

^7ASjj||i^it/ci/yXtt^TA[j:, ^y<7)* 
n Xu ir ^if<D$iJpcoT^ U ®& 9 , 

[ooio] ^i/^mm^^M-x. £ h 

fc±IB^— *0U'>'XM & SS:«jEU, ;:;ftte:J:0*BiX 

«fc*s tf- 5 C5rt4< RBIftOi 

ft S: «T Id f -5 3^a * m 7L 5 o 
[0011] -r&fc^ *v^rA(i ffi^*<z>*#6fc 

fc g BfSuE:? — hv^ ^/ ^ /u— Xto^fc: uyXf^ Xir 

u^X^X^^ta^ttTV>6Jl»tc:^#i-S^^ i/^ 

U *<0lS^*:S:«t^^^ (nub) 
a n t *^mK1rz>o 
[0 0 12] ®H*<&*J>fc< itlii: 

«fc*W6<DX6tt* jS5#^»4fctt#>f Ktf>38££ 



6 

<* citucj;^ ^3fe(^i/vX^^tcj6V>T$g^*:co 

[0013] *«Wtc«S u yXtt'>^r AiCjo^T 

Kot(Z)N^i/y X^M ti/y XElKfl t £ ^ 
t§f-X^^t^> r^x— X;W3, i/yXhr^x 

10 ^hy-r— *£*u ±ie<t)t— X/ml stic 

(b) i^^XEMBiSft, (c) *lftxj«S«* *3J:t* 
(d) ttifli:^- It Xi«^j$t 5* w 4 

JbEtf>E»#&0>^— XyUOF^St-«-/SLT± 
>f ^ o X o ir y i^^atc ct o T»J«I £ *L 5 #a Srfil ^ 
20 [0 0 141 t4b*>, *«Wcoioo)^Jfi^J:tt«, 

»^5W«Sr«2fcv^-C[ilCi-Srt^J:o-C, UVX 
*3V^T, u->-X(7)[HieilSli:> ^^X^fSn^y 
umm t UTSW S tL;* y s tilt h 9 

30 v^x^ h!ij (a) uvXoh^^ 

<nm*) <d uvxtDinte, (b) B^r^Ete^sa:* u 

^Xo^@^iRj<o3ltt. i3±v % (c) ®^*co[piteW 
fcffiftoojgtt, ^c^^^oi/yx^u^^yw 

[0 0 15] *^P^tcJ:titf, uyX^tij:uyXX7 
^l{*6 4, o o 0<nJr— V— X~hZ> 0 u>-X^fig^*(c 

t>\ i/yX«i$[:SLT^$n5A (BFBflffi*) 
so [0016] l^^X^v'^^AtCjol/^T 



(5) 



WW 5 ? 7-256547 



teas, HtT«WtfeicJ;o"CSfce*Jx, rotttTttKfe 
te> k fc HB0)±E0>'*9/ — ^SrSEA.'Cu^X 

[0017] -fftfc)^ o 1 o<D jLJfiTf** 10 

U^XEteilS, mPEM<omSL. tt^ftu^X&j&iS 

XWft&iMW-Sii* J: 9 fef^lcfi^ u^XEIfiift* 

<Djjm<D 1 3ljfe0iU£:f3^T, ^7^UyX^» 
-T^n^niry^fi, 4^7^^ ( u^XEHE&S, 
*j) ^^fcW(c^x.^o U>XC03l®b^*3{t^N^^«- 

[0018] yf?^asu^x^&i»5fesn5*iiiia[ 

Anxfe (u^Xr/^>-^) <7>*>rxasBFB'Jxa^lB^« 
'>i~5 tcoft#7 *Bft*3Stf r t StKjL bfc 

#<cO#^ic, u^X^^V^^-^-f X^WHiJxa 
^ h "9" — !7 xn. \/l/sf (constant surfac 

ing) j kt$*ntetiZ&ffi1fe&8i1£<nffl%iv>WM$: 

^S"t"^>o 50 



8 

[0 0 19] 

(iint<^u^x»Bi9a«) am, «*roi^vx»a 

1 2 t IH/^A 1 4 iSfSS 12, 1 4 IS, IS 2 £5* 

*i5 l^yX^7^ 1 6te s g] lCQRfSg&l 2t'UyX 
^7 V^cojai 8 tC^oTWBU^nr, E14C0U^X2 
0Sr*J*-ra o uvXcoftl 8<7) Tfcj co^ 1 8 

ate, WjS«14 0 r^J Ml 4 a-efflffl£*U L/>X 
CO^ l 8 <D rq& j (7)ftl8b tt, 1H,££R 1 4 (D r&j fi'l 
14bt?IiStlt, Ztl^tl. ffi&Q Ztltcls^XCD 
m<nmffi2 2 a <k 2 2 bSrJFMi"So ®®9 £*Lfc«ffi 

2 2 a £ 2 2 b<D»tt, U>Xj&S& 9 tftf fctbSBB 

[0 0 2 0] ©FB'JXa^Fflc0UVX<D®j#t^ IHUkLfc 
T3cIE£;*x£o Ate, i4(OT^tit uyX2 0 

[0 0 2 1 ] tt^O^^fA) i~-<Torn"bco^ 
Sfi, 0 5 irl3 6^Lfc*«M^U'^Xi»Si^^v L A 

-r^^ n^nir s/U-3 4 J: o T*J^ $ tt^T— Ai^— 
tK^>- hc-7 3 2JcioT3EE*ixS*— *»J»T— 

T, # < (Z) l/VXy 7 «:lR8t5 R« = y<7 2 6 
T[hIS^> hD-7 2 5 SriiLT-v-T ^D/n-feyt3 
T26^*tC»J# (ttlMBCB) , 2*<Ojt3 4, 3 6(7) 

T'?|oiA^. t°7^5/ h 3 8C0tHl^(C|IS| 

ffiBS"CEHE1-5. ^»K2 8lt «i*|p»cr— 

A 3 0tC-toT»l#, Ete^tr^ K/^4 4, 4 6tC^«9 
ttrtbtitcttfa-fZ> YH^Hy?* 0, 4 2 (17) 
WMCU'yX^^y^SrlfAtSo 7fyK/U4 4, 4 
6f^:, -^-f ^ n^n-fe y-^ 3 4 WjiffllWK'UyXt- 
/Jfn V 5 4^ «toT3£Ba$ixS l^^X*— tKT 

-A 5 2 (DMfair 5^.^-4 8, 5 0{i3£«p*ixSo ^ 



(6) 
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9 

>X^7y^l6^-^K7^^7^4 0, 4 2CO 

4fl @7^$tt5«t 2iwK5^^*y^4 
0, 4 2^(ci/yxV7V^ l 6lro^J;9(-, *t 

tC % -^Y^ D/nt^tS 4*1 l/yXt-#ayhD 
— ^5 4(Cjg^LT > 7-^5 2WS:i0O*l:^ 

®jU uyx^7>^ l 60i«i$i 0{:SL« 
j$U i/yXf-^'^y h d-7 5 4CJ:oTM|i^ 

5^ K^^e— 9 5 8 Sr/Hl^T* t°>- FVU4 4 , 4 6 
[0 0 2 2] tffny hn- ^ 5 4 ft, j5?S!<£> 

7V^16^^t'yK/M4, 4 6 <Z>tt<0|s! 9 tcHfe-?- 

£r^;t5 0 l/yXt-^'ny ho-754lt uvXf 

h Ut- XyW^JSltW^ n;/n-i?-/1^3 4 CD 
SU^T^rtt^tT^o :(7)i/yXh7^nyf- 

K/V4 4, 4 6 <OWi£>[e] 9 CO L/>X7'7y^ 1 6 <7)#i^ 

^EtefitiKe^st-ra uyx^7^^t«K*i o 

WJ»SffiSrfflV>T, -v-T ^ n^n-fe ^3 4 fl UV'X 
1/yXf^'ny ^^-7/0^7^^^ y 6 2(C 

[0 0 2 3] l/yXfSlg^Tf5^ N UVX(D| 
fl 1 8 (Dft 1 8 a S:ft«ft5 uyXf-jJ? 

T — A 5 2 [C<fcoT, [Hltei-^-Xu— ^aiy^iS5*6 

[oo2 4] i/yxMh^^^Fy^^yeoit 
^vx»ts^^oth7^x^ hyf-y 

A'Sr&frr.iras-CSS. :Ht, u>X5*if>< vfl 

[0 0 2 5] (SB*]E^yXt>fX7-f- K'<5^»J 

£<fc9, r.COfc^, $*<0&#fT'fl U>X<7)1^X 
SrttiPLfco ^<Dfl?ifeifctl IMS* 1 0 S: Ltf LtfBlO 
iSj^-rSWVXriSJi:® 9 $tl5it(?)l/yXt 
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ir^/-^3 4(CgiJtl^t^X7 P p-7'6 4 
r iCi ^{fc^frlSo :^7 , D-7'6 4fl ?c<t;ite: 
^H>/n V^-^^? (Gloucester) OU—v' 
a — • v*f± (Renishaw Metro 1 

ogy Ltd. ) tcJ: 0 84itSn5#-f ^"CfcSo u 
VX2 0^i5 tiaewv^^^AjcioT^fiRSixt^ 
T\ L/yXt^'7-^5 2^ fcb^lSfeft^Stbfc 
@fifit0$Tl^yX2 OSrEJteU ftlC, U>X20 
Sr^P — :X6 4©*l:*i:totlK, -x^^n^n 
10 tyt3 4tt, 7 9 o-7 f 6 4^tffl^uyX^i:i:g^ 
LfeBfit'l/yXt- — A 5 2(0{ia^^^Pi-^ 0 

Sfc^-e££ 0 -7^^D^Pt7f 3411 HKIcofcgi: 
-feylJ-3 4fl ftKSffiS UyX«Wl 0(7) 

m-rzo ^^0^0^^3414, 

20 S^fcffi«KJI^«Ul^*Aff1-^vXSriS5*l Ocom 

[0026] (a^wweo— fs*<o t» 5 i 
o<D|fflBfi ^<wuyx»^\ oopm 

30 ~<Dti£>, on, UiLaKi/^v/y^tJi 

-en ^ D^nir^-^3 4 fl uyXf~^7-A 
5 2 1C, ^uyXftSxg(DF H 1l:i/yX7'7>'^ l 

*&5S*SrWJ»L"C, iK«l0i04SBl:t)fcot»« 
?r— AS C»ffit5o ro«i51lhtt, uyX^K$io 

[0 0 2 7] *»W<o-«Kc»«o»*eo*«fe*c*3V^ 
40 T, U^Xih— ^T — A 5 211 mm<Dis>xmw:^tt 
iSLT5g^"S:i 0^^|{^ixoouyX7'7>'^ 

ffi^iio r*«w*Eb# -catJi-r a r t *c j: 5 ««itttt 

Z>£o\Z^ l/>X2 0^5S^$11 O^HaU 4T*ffi^f9 

[0028] (2^yX2ii/iSfTL^viS) m 

^^a^ , n-fey-^34;5S N 1 ^(7)uyXt-^-^ 5 
so 2, 5 3£ffl^Tl2*<7«;&ij!:i 0. 1 1 K«fc <9 1 



(7) 
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^110, 1 lO^^SLt, (H5W3lt5i 
9*) fiT5L7-^3 o 1 , *SJzt>\ 

(H5»c*5»t«J:5 4) HfTiUnJBa^r 
» 2 6i:aini3y-<7 (^tf^v) 2 7ris$>S. 
1 {|g<£> U^XU* — ^7 — A 5 2 KBS L"C, ^75 17- 
A3 0te, j«fT?> LR«3 ^<7 2 6 V 
^ 1 6S:oM, Sa*)Wfcftl^yXt-#7-^5 2 

^t-yX^ uyXf- xKT — A 5 2*»feIR , 9 , 8!*tRJF2 10 
^^72 7|:f< 0 «-nf3^726, 2 7I1 #c 

-5 17 — A 3 0(CR^^ V-<TCD#CC0^£2 y 

(i, 1 tfc l/y X 2 0 ffi T5 Ifll^ ^7 

inrp^7 2 7^e>sf9 m^H5 J: ^jcpiR^n v 

^72 6, 2 7 tM7-^30 s 3 1 Sr^fH" 5 ± 5 (C 

[0 0 2 9] (Xn ^ApTfgftUVXjfci^ • Safe 9 
ft) i 1 0 li x ASlWtt^vX^lfc^JBttSrttffiai-e* 
-To H 1 0<D±Nlr ft, l/yX2 0^W (^t'VKVU 
4 4, 4 6<75*ft) fcffi^^l 0<^ffii<E>El7<£>iKMir 

5^S:^9o IS7(0£§gtR(iUVX2 Otf^fririK^*: so 

@"Cifc5o BUiDSllOiitill HI 1 OCDffiffiSSEUw 

&o ^C0H^(7)ft^(i. Eg^Jfil 0tf)R{^£i$l 4 (fc 
frt) (7)±W i/yXX7 y ^ 1 6 S:$iHt§ 1^^ 
XKhy^x^ h^^y 6 0{C&m£fltc'r — ?<D 

[0 0 3 0] (U>-XSKif9 ff>Rg<0— 

SSa>ftfc > ft ^ ft t> fc ft v > (-f t& t> % 

•eS5o tofeS4i:fc8»4i/yX h5^x^ h y 
*^i-s*«W^*fe^±oTuvX36S(ft^r6]^---^ 
f9«c*5«ts®^*i oicts^^i^v-xh^^^^ h y 50 
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So :Ht, B 1 1 <7>^iRttlRtt. L/yXM«5lg 
i-a. 

[0 0 3 1] U*»U i^XttjfcfflWtett#IEft*** 
(glicou>'X2 oo{&i|ffiHKS^*L5 J: 9 

x^hyft hi 2<ny? 7izts\t*x* ]s>x<Dtk<Dj& 

tJc<toT«^$ix5o ill , ffiffii!9<E>Pfl0> 

i/yXh7^x^hyit Bl2©Sbt«»4i^c 
»LtH*Sntv^v^, Lfl»U «Ifc»^tt, 13 1 
2(D2ocoft^co^DS{-J:oTt#^tlSo I^VX2 0 £ 
Hai 4 ©t^i: ^EUlRSrf i5 1 1 1^ io 

[0 0 3 2] B&^ffflcDU'VXhy h y Sr#5 

y6 6lc»jft-cS5 0 Wi5^p^7A(iuyX» 
tfc (Ull 0<aftffi«K«fcoT*-t±-5) Sr^fruvX^iF 
>fy7- uvXft^ (fci^tfHl^i^XoffitJffi 

hkjl*:: t*s-e#s) , *3j;t^ 1 0 oisffi 1 

4 692J5fe^ a SrArti"* r t 

fc^o ^J;5 4A^7-^H, H6{^H^^tlfcj^i22 

*y sfctt^-^A^iiW^M ^T-fcSp ^ 9 it, 

SfH/^U-^X-r-y-V^fi, -^v^A 6 8 ^r^LTiK Offi 
tVfc{4@^bA^T*#, ±{£<Dl'>'X<DW)£te, l"l/X 
IlXa ^7 A^^e y 6 ecocfi^uvXilStJ^'n^^ A 
Srfflu^T-^^ * ci7 p nir 5/^3 4 {Cct V MMfcti^ g n 
W^fhSLStu5o }#P>Ml/>Xh7^x^hy7-X 
/W3\ ftk^i/>x^ihV>^fca6<7)^i^i-s^--X^<t 
i/yx®tth7:/x^ hy^^no^^cw 

Stbfcv'^xiNtc^v^T, XWttlcA^&ifcHir-erl*. 
[0 0 3 3] («^*j6S*9«4{c:o*t^^Xh7^* 
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14 



[0 0 3 4] *<75jft*tt, H 1 1 (75— jSWIiaotS 

£ titlSW u >- X^H t Hiico u v x^S i co^x* fe 

[0 0 3 5] (UVXjf^ hy^^ey 60(D 

j*, u^xnMfc h^s*** h y ^y 6 oK»jfls*i,fc 

fc£o ft&co^<7>— i/yxmicM (d6/d 

, t) , Ig^i&K. *5±t* 55^*1 OCTLtuyX 



[0 0 3 6] n;/n-fe:s/iJ-3 4(-C«fc; 

hA- (r, 6) (aot^I^ 

T<^»JT*tt, N=6 4, OOOt'fcS^ gy«ft;3j£# 

*«ioxao^jHiiii^fefc5«pra to, ti, t 2 , 
10 i 3 (D±\m^m^£tiz> 0 ^<Dm<DE.-&<Dz&n, tm 

Ay^o^^^coifcWW^JT'tt, uyXcoMM (dX 
/dt) ttiS^)®l^»t'/h$</^ 0 r.<£>r<h 

J*. Ell 3 0Tfi'1^^7 7tc|g^StuS 0 L£>U »J& 
[0 0 3 7 ] El 1 3 (D 30(D^77(t UVXh7^x 

* h y a*®^* i o 4r««jo-c*ii*iP]^#icat:ai-t-sBi 

20 7^^^ttfcU^Xh^^^^ hy»C#rt;i-* 0 mj^izl! 

h^^x^hy^^y 6 o £ titcf— ? x 

[0 0 3 8] 

mi] 



ISR8 








mmti 


r 


6 


t o 


FV 0 


WSc 


FRo 


p» 


ro 




1 1 


FVi 


WS, 


FRi 


p, 




»i 


t s 


FV» 


ws 2 


FR 2 


p* 


r 2 


»» 


t s 


FV 9 


ws 3 


FR* 


Ps 


r s 


»3 
















t «3» 999 


FV fl g, 999 


*S8 3. 9 99 


FRft3> 06 9 


P«3, 999 


1*6 3. 099 


(83. 999 


t 54. Q09 






FRo*. oco 


P«4> 0 00 


Ta4» 000 


061. 000 



ski uyx« h7^x^ h y ^y 6 o(c»j(tt$ 

SS:^fflLfc6 4, 0 0 0^ (to, ti, tz*?££<5 40 

ttotlS) CO#^C (ti) iC^oV^T, ^ 1 <7)T' — TX/l' 

w: % u^xtt^fsj^isa (FVi) , (w 
so , u-vxiiiejga (FRi) v wHtt (Pi) . % 

(n) Xt^^VXigte^JS (00 ^r^ai"5 0 (i 
= 1, 2, N) t i Idte^T, -^^n 

^nir^i^-3 4(3, l^yXW h 9 5** * h y ^ y 6 

7 OfcitfU^XlEHE^E— ^ 
5 8tCi§^-^-^^ V hn-/Wf^^kSr*^t*^, so 



5 2<7)Mi&£^iS-t-5^ t 9 > 5S^HS1 OcoWic^: 
[0 0 3 9] S»«f^»#tt, « l com* fcMKWfclU* 

■CU-^XlHlSiSSd 0/d t ft«p«-r5*K«rlft*i- 
[0 0 4 0] (^o^5i.S*ufc«ff«»^Sffi) ^> 
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***9ia«r$MMLfcN=6 4, OOOfflO^TO 
\f\ **^(C±ttfi. N^C0#/r-C<O^/N°7^— **Cfc 

[0 0 4 1] ftl<Ox~X/wo^7J*— 
V>tl/yX^ h7^x^ hy^^!)6 OSrXn^A 10 

S*^:yX-e*&S5 0 ft 1 ^—X/UfciSSi^ 

v^^?>-#I©tI4«t*ttlt5fc»l-NEI3HT 

£tt5o 20 

[0042] mi 4 tmi 5<nnt&miz&\,^x, 

fefi, uyx^7^^ l 6^ib8i*i oi:ioTl»* 

^tyt§wMtyt7 2 (El 5) £fflv>£ 0 ^-f* 
D^ntyf 3 4lt, U-^X»ffif9XS^*5lt5N^O 

h^^y 6 oco^oft l *;im£&#ft£ixTV>5 

10) 0 rut, W^aynts/t3 4*1, L^yX 
"9 *5 &Vm& V IS^^SJ LfcN^GO^-* *£:fc^T 
mli&<D?x?&mft-fZ>Z- t^X V „ ft 1 (D^-—7;\s(D 

[0043] mi 4 1 mi 5<om®Mk£titi{mcte\,^ 40 

*d«^lft»oxSt-*5v^r— St**>9 > EEiflxgfciss 

t ifcfctt*^*^ Hi Sf^JiiRil^SA/^^^^^tC 

BaastbSo ft i©f-^#/<7>-? w^mia 
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[0 0 4 4] *0>#*<r*0>«fiH 

(0147f y^80) o U^77V^ 
1 6C0Xi, YiffiB*S, (14-1) #g6D{£E&Ci# 

*D£*l, ^<-f ^ P^ntyfS 4{*!k1£-te^y-7 2 {rflR 

tHL&l^&6*i* ft 1 (7)f-y^^^°7^-^(7)lfi 

(^fy^8 6) o **d, ■«FB']**s*i*nSix, 
Xnir 2/^3411, #^£9^ in t«M • MM?** 
^r^Dig-T 0) 0 

[0 0 4 5] WM*39S*©«H«>»*K:art-5*-e (* 

?Hg£*u *<ojEffla>ft&-c*3\ -t<^teffl^*&«>*cy-fe 

S> (^7-7^9 4) o 2fc|£, 777^8 6*^ 

(^7^100) rtflB/i'— X^±fc«*fc**, 
(^7-^10 2) 0 &*£ s X77X8 4j&S*M»I/1"-X 
«S^*a**s-t<o«SH<7>*a*c*i-Sft-e (^7^1 

04) mtcRwsttfc±5ftrt«^xt^«/u-xo 

fr\C»±y b£thZ> (^75/^1 0 6) o 
[0 0 4 6] LuvXX^v^^-^coiitT^^^t) *ci 
iSLTt^V^kfi U77/IO8) , r 60^ a — 

fttlli U77X1O8WYESM) s -^^cz^n 

zmtti-rz t^f^yi 10), ^7^11 o-cf±. 

V VL-futy^-Z 4tt, U-VXX^V^ 1 6 CO 

SSr^ri"5^Sr*^U. ft 1 coy 1 — X/Wc*5l^T, ^fiS 
[0047] Hi 4 i: Ell 5 CO^ a — h tt, 

zm^-tZo mi 4 tmi 5(Djjfexn, s^t—zm 

tcftilco^feT**!, ftffitt±*f<ofiiJ^ds^c?E-fevf-7 2co 
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[0048] 014^01 5 (DZfu V? J±£tltc¥!gfe 

(D i oco^Fjrte, jg^HSii o^i/^^^yxy^y^ i 
e/j^W+^i^^^iiS^if^p^^^^^^v^ i 6 

So L£>U — 3 2^ 2 5 0^(OL/yX(7)i(0 
fc»*tt. 2, 5 0 0 R PMKfifiOHS^Sli&K, 2 0 R 
lRl^vX«|&a«»cj:o-caij«Six«. #£L<tt* ffi 10 

OCOTI^I 4(D^I5 i c^a^l 1 3° X*fo& 0 
[0 0 4 9] if*L<(l ^^c^B-feyt34lt 

tt* -^>f * n^p-tr j/-^ 3 4fl 2 0^^>f h^A- 
Kt-V ^^^^!J 8 0 £t-tV ^ 

8 2SriILTSiiJ»U 6£iiLT 
^e~* 8 4 £SJ#p-T5o ^yFlt AT*-#-K* 
*88iaoTI/09 OfcilLT^^nXn-fesz-fr 
3 4CM^fe5o ^^^ 6 0, 6 2, 6 611 t 
^T, KTM^^^ey 8 OcDtpcDm^tDt^ViiL 20 

^r~* 8 4±JC*^*^S 0 S^f— *tt % 

#-K»*8 8*rJHvn\ lS^ri*l t>Bf, g£H£i*r 

S^Ugfll^^y 8 0K*»M"5I fcSr«TIB^-r 
5 D sj-^u— Sfc, K«B*8 8«rflEfflL 

T\ Bl4tHl5fc*«Stlfc^B^ASjlfc« 

tt, @14t@l5(D*S{t 8 OKIMftSixfc 

[0 0 5 0] #1S9!H »*Lv^**«*:*MJ:#flHUT 

[0 0 5 1 ] 

[0 0 5 2] U=fc, J|p a pf O U>X?rSiit'S!^t^ 5 
[0ffi<Dlffi¥&lfc^] 



[12] u>X^lft*WBUi-6fc*(oa*<o3ga<o— SB 

10 3] U>X:/9:/^cD0-Cfc£ o 

[04] iaiCD^Stc:J:oTEl3(Olx>X^7 istfrb 

[0 5] $P^uyX|»'>7rA^m a p^t 

[0 6] *^^(7)U^X^^^^^co±Sa5p 0 pSr^-r 

[07] 0 5 £0 6<^>*^AlC:^Tl£ffi£;ft£ 
[0 8] 0 5 <^0 6tc^i-v'^v i A(7)^:ft:coSz:®0^fo 
[0 9] 0 5 1 0 6 l^f^^f A£0^*(?)±®iTfe 

So 

[010] ^VXfttlWiDAfflWOtfffiflll^n ht'fo 

[011] — ^(75UVX|Hl(big*(75TTft*^>iV^U^ 
Xtf>»Sl9JDX£t"5<!:*£> % ?S^m<oniKlfBT*0»S( 

[012] i/vX-^wyX|H!fiSawTt*»Stt* 
5S^*:<^IIffl5"CCO^S»9<DW(^U^X h9^^ hy 

^ h y o^^-cfcSo 

[014] igl ^»#ji**L^^7 7«— ^(^*igffl[S:^ 

[015] muzmz&^titis^ *—*<nmm&t:*£ 

[f^Otft^] 

lo-iii, i6-i/yx77V^ 4 18-i/y 

XOi, 2 0 -UVX, 2 3 0-7- 

A, 3 4--*^^^ n^nir i/-y-, 5 2-uyXf-^ 
T — A x 54-UyXt-7K=iy hn-7, 58-U 

y. 6 4-t^fX7 P D-^ 7 

7 2--^7E-ferv-y- 0 
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